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Abstract: This research utilizes the Diebold and Yilmaz spillover model to examine the correlation be-
tween geopolitical events, natural disasters, and oil stock returns in Asian OPEC+ member countries.
The study extends prior research by investigating the dynamics of the Asian OPEC+ oil market in
light of recent exogenous events. The analysis commences by creating a self-generated Asian OPEC+
index, which demonstrates significant volatility, as indicated by GARCH (1, 1) model estimation.
The results obtained from the Diebold and Yilmaz spillover test indicate that, on average, there is
a moderate degree of connectedness among the variables. However, in the event of global-level
shocks or shocks specifically affecting Asian OPEC+ countries, a heightened level of connectedness is
found. Prominent instances of spillover events observed in the volatility analysis conducted during
the previous decade include the COVID-19 pandemic, the conflict between Russia and Ukraine,
and the Turkey earthquake of 2023. Based on the facts, it is recommended that investors take into
account the potential risks linked to regions that are susceptible to natural calamities and geopolitical
occurrences while devising their portfolios for oil stocks. The results further highlight the significance
of integrating these aspects into investors’ decision-making procedures and stress the need for risk
management tactics that consider geopolitical risks and natural disasters in the oil equity market.

Keywords: spillovers; Geopolitical Risk Index (GRI); Natural Disaster Index (NDI); non-member
OPEC+ oil stock returns (NOPEC); Diebold and Yilmaz spillover index

MSC: 62P20

1. Introduction

Technology and globalization have interconnected market forces across various in-
dustries and geographical borders. This implies that the occurrences within a particular
economic system can potentially impact other economic activities that are not directly
related, sometimes referred to as spillover effects. Over the course of recent decades, the
regions of the Middle East and Asia have experienced a series of significant occurrences
that have had far-reaching implications for global energy production as well as distribution.
The primary objective of this study is to examine the presence, direction, and attributes of
spillover effects on oil stock returns in Asian OPEC+ nations. The intention is to offer sig-
nificant information to investors, resource managers, regulators, and market participants.

Against the backdrop of an intensifying worldwide economic downturn, there was
a notable upswing in investment within the energy industry, with a growth rate of 8%
observed in 2022, culminating in a cumulative sum of USD 2.4 trillion. According to the
2023 report published by the International Energy Agency [1], it is anticipated that this
particular investment will experience a further increase of 17%, reaching a total of USD
2.8 trillion in 2023. This development would establish it as the most substantial recorded
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capital investment thus far. The energy sector has not experienced a significant decrease in
investor confidence despite the presence of several factors such as high prices, increasing
expenses, economic uncertainty, concerns over energy security, and imperatives related
to climate policy [2]. The integrated oil and gas business is a sector that has garnered
significant international interest. The market under consideration has a notable degree
of volatility, rendering it one of the most unpredictable and unstable markets on a global
scale. It possesses a substantial market capitalization and offers considerable anticipated
returns for shareholders and investors. However, the rapid expansion of both external
and internal shocks to the industry in recent times has generated considerable conjecture.
There is a growing public concern regarding potential disruptions to the oil supply, as
shareholders express concerns regarding the potential consequences of such disruptions on
their financial returns in both the short and long term.

The phenomenon of spillover effects in energy markets, specifically with regard to
the returns of oil, has received considerable scholarly interest. Spillover effects manifest
when disturbances originating in a specific segment of the global economy disseminate and
exert an influence on other geographical areas or financial markets. Within the framework
of oil markets, these shocks can materialize in the form of rapid price swings, delays in
supply, or geopolitical tensions. The widespread nature of spillover effects in financial
markets has been underlined in studies conducted by [3]. These studies shed light on
the interconnectedness of global financial markets, illustrating how events occurring in a
particular country or region can have reverberating impacts on a global scale. Spillover
effects frequently arise as a result of the interdependence of energy markets, whereby
disparities in supply and demand within a particular region can significantly influence
global oil prices. The oil price shocks that occurred throughout the 1970s, such as the OPEC
oil embargo, served as a notable illustration of the extensive implications resulting from
disturbances within the oil market. The preceding shocks resulted in notable economic
consequences, affecting not only states involved in oil production but also those reliant on
oil imports. In the latter, escalating energy expenses had a role in exacerbating inflationary
forces and precipitating economic contractions [4].

Furthermore, the examination of risk and returns has undergone significant devel-
opment and increased intricacy due to the extensive integration of technology [5,6]. The
spread of news and updates related to regional occurrences such as geopolitical incidents,
natural disasters, and worldwide disruptions can cause disruptions in economic markets,
hence prompting market participants to react in a corresponding manner. The shifts in
the supply and demand dynamics of local crude oil markets have been observed, as noted
by [7]. In the present context, the term “spillover” pertains to the influence imposed by
non-oil-related occurrences, such as geopolitical events and natural disasters, on the oil
market. The energy market holds significant importance in global market dynamics as it
plays a crucial role in both industrial development and home sustenance. The research
conducted by [8] demonstrates that oil markets display bidirectional spillover transmission
characteristics, which are also heightened by significant occurrences such as the recent
global COVID-19 epidemic. Moreover, it has been observed that significant geopolitical risk
shocks in the oil market have been linked to Russia. Consequently, there exists a responsibil-
ity for investors and scholars to assess the potential impact of these unrelated occurrences
on market prices and returns [9]. An effective initial step involves comprehending the
extent of impacts exhibited by certain areas or nations, exemplified by the Asian members
of OPEC+.

The Organization of the Petroleum Exporting Countries and its Allies (OPEC+) is
a prominent international organization that aims to stabilize and regulate the global oil
market. OPEC+ comprises both OPEC member countries and non-member countries.
The main distinction between OPEC+ members and non-members relates to their formal
membership status within the organization. OPEC member countries, including prominent
oil producers such as Saudi Arabia, Iran, and Venezuela, have full voting rights and
actively participate in decision-making processes. The member countries share the joint
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responsibility of managing oil production levels and implementing production quotas to
regulate global oil supply and ensure price stability. Non-member countries of OPEC+ are
typically prominent oil-producing nations that do not possess official membership within
OPEC, yet have established collaborative alliances with the organization to effectively
synchronize oil production plans. These countries are commonly referred to as “non-
member OPEC+ countries” [10]. Prominent countries outside the OPEC+ membership, such
as Russia, Oman, Malaysia, and Kazakhstan, are part of the Asian OPEC+ members. While
those who are not members of OPEC do not possess the power to vote in the organization’s
decision-making processes, they actively engage in collaboration with OPEC member
countries to collectively manage oil output and foster stability within the market. The
inclusion of non-member countries inside the OPEC+ framework holds major implications.
These countries frequently coordinate their oil production strategy with OPEC decisions,
willingly agreeing to cuts or increases in production to ensure market stability.

Through collaboration with OPEC, non-members of the organization play a role in
stabilizing the worldwide equilibrium between the supply and demand of oil. This collab-
orative effort has the potential to provide favorable outcomes in terms of oil prices and
enhance market confidence. Yet, non-member countries within the OPEC+ framework
encounter specific limitations and challenges. Non-members lack direct authority over
OPEC’s decision-making processes and may not possess an equivalent level of influence
compared to member nations. The absence of official membership may impose constraints
on their capacity to influence policy and exert direct influence over crucial aspects per-
taining to oil production quotas and pricing. Additionally, non-member countries have
individual interests and priorities that may diverge from those of OPEC member countries.
They face the challenge of balancing their domestic economic objectives, such as maxi-
mizing revenue from oil exports, while also contributing to the joint endeavors aimed at
achieving stability within the worldwide oil market. Occasional conflicts or tensions may
arise between non-members and OPEC member countries regarding production levels and
market strategies. Extensive studies have been conducted on volatility spillover effects of
OPEC oil prices and returns [11–13]. Nevertheless, it is imperative to have a more profound
comprehension of the intricacies inherent in non-member nations and their engagements
with the OPEC+ alliance.

Several scholars have analyzed the volatility and movement of oil returns and prices,
particularly in relation to significant risk events such as the financial crisis of 2007–2008 [2],
the uncertainty surrounding economic policies in the BRIC countries [14], and declarations
made by OPEC [15]. Additional events that have been subject to research include the Gulf
War of 1990–1991, the Iraq War of 2003, the occurrences of Hurricanes Rita and Katrina
in late 2005, the Arab Spring of 2011, the ongoing COVID-19 pandemic, and the Russia–
Ukraine conflicts from 2022 [16]. These studies provide further evidence of the significance
of spillover effects on market returns. The current geopolitical landscape has prompted
a closer examination of the involvement of significant non-member countries of OPEC+
in the oil trade and financial benefits. This scrutiny is particularly relevant in light of the
European sanctions and restrictions imposed on the industry. Given the ongoing challenges
faced by OPEC in maintaining global energy pricing and supplies, as well as addressing the
Russia–Ukraine crisis, it is pertinent to explore the potential impact of these external factors
on the oil returns of non-member countries. Our research contributes to the literature on
spillover in the oil market in three ways.

Firstly, the study employs the Diebold–Yilmaz index, which offers an improved ap-
proach to investigating this phenomenon. The model quantifies the transmission of volatil-
ity or shocks between different markets or assets. It also measures the connectedness and
interdependence of markets in terms of volatility rather than direct causality [17]. Secondly,
the study focuses its attention on Asian OPEC+ members, encompassing Russia, a promi-
nent oil producer in the region in the context of recent geopolitical events. Finally, the study
examines the collective impact of two major exogenous variables—geopolitical events [18]
and natural disasters [19]—on the spillover effect in the oil market. In light of significant
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global events such as the earthquake in Turkey–Syria in 2023, the confrontation between
Russia and Ukraine in 2022, the European heatwave in 2022, and the South Asian floods
in 2020, these two factors have emerged as the most persistent components. These factors
are considered to pose the most significant shocks to oil prices [20,21]. The outcomes of
this study hold significant value for market participants as they seek to assess the spillover
impact of these external influences. Consequently, this is expected to have an impact on the
construction of portfolios and the implementation of hedging strategies within the financial
industry. The purpose of this study is to examine the effects that spillovers of geopolitical
events and natural disasters have on oil returns among Asian members of OPEC+. The
study integrated data collected over a period of twenty years. However, it is important
to note that certain noteworthy occurrences, such as geopolitical events, were examined
with careful consideration of key factors before the data collection period, and these events
might have had an impact on the credibility and validity of the study. The selection of the
data period was primarily motivated by the limited accessibility of stock return data for a
significant number of the oil businesses that were included in the analysis. The primary
reason for this is that many companies recently became listed and hence lack historical
stock data.

The foundation of financial decision making lies in the capacity to measure and
evaluate risk and return, which are limited to tangible factors that can be precisely and
conveniently quantified [5,22]. Still, the emergence of recent external market activities or
environmental variables has become a notable concern for investors, as they possess the
capacity to induce substantial fluctuations in risk, particularly within the oil market. The
main focus of this study is to offer significant insights into the spillover impacts of crucial
economic variables. This will ultimately contribute to increasing the accuracy and confi-
dence of decision-making processes for investors operating within the oil market. Moreover,
the study holds relevance for key actors in the oil industry, including managers, employees,
and policymakers, as it provides an empirical basis for informed decision making during
periods of significant global occurrences. Additionally, it facilitates comprehension of
the potential consequences for the market. Furthermore, this research aims to establish
a platform for academics to develop feasible econometric models capable of predicting
or measuring the characteristics of spillover effects. This, in turn, would assist in making
informed economic decisions at the individual, firm, and state levels. This study holds
particular significance in light of the persistent shocks in the oil market that have been insti-
gated by actions unrelated to the oil industry. Our study comprises five distinct sections.
The introductory chapter offers a comprehensive examination of the study’s contextual
framework and clearly defines the issue statement, research objectives, and significance.
The second section provides an overview of relevant academic literature pertaining to
the subject matter areas of geopolitical events and natural disasters that are the focus of
this study. The next part provides a comprehensive discussion of the research method-
ology employed, which includes an examination of the research design, data collection
techniques, research model implemented, data processing methods, analysis procedures,
and ethical issues taken into account. The subsequent sections of this study clarify the
findings and conclusions derived from the research and provide recommendations based
on these outcomes.

2. Theoretical Background

According to financial analysts and market observations, oil stocks have gained in-
creased attractiveness and attention in recent periods. This can be attributed to several
factors that have contributed to the changing dynamics and sentiment surrounding the
oil industry. Most of these factors have emerged from markets/events different from the
oil market [23]. The literature proposes two key theoretical underpinnings that provide
valuable frameworks for understanding these spillovers: market contagion theory and
spillover theory.
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2.1. Market Contagion Theory

Market contagion theory refers to the spread of shocks or disturbances from one market
to another unrelated market, leading to correlated and synchronized movements across
multiple markets [24–26]. It suggests that interdependencies and linkages among financial
markets can amplify the transmission of shocks, causing contagion effects. According
to [24], market contagion occurs when shocks or disturbances in one market lead to
significant and rapid spillover effects onto other markets. These shocks can be triggered
by various factors, such as geopolitical events or natural disasters. The contagion effect
implies that the initial shock spreads beyond the affected market and affects other markets,
leading to a broad-based reaction. Market contagion theory assumes that markets are not
perfectly efficient and that participants’ reactions to shocks are not always rational [24]. It
recognizes the presence of behavioral biases, such as herding behavior and information
cascades, which can magnify the transmission of shocks across markets [25,26]. Herding
behavior refers to the tendency of investors to imitate the actions of others and follow the
crowd during times of uncertainty or crisis. This behavior can lead to overreactions or
underreactions, contributing to the contagion effect. The theory also acknowledges that
the connectedness and linkages among markets play a crucial role in the propagation of
shocks [25]. Globalization, financial integration, and the speed of information dissemination
are identified as key factors influencing the contagion effect [24,25]. These factors enhance
the transmission channels and make markets more susceptible to contagion.

Empirical studies have provided evidence of market contagion in various contexts.
For instance, ref. [26] found evidence of contagion effects during episodes of financial crises,
where shocks originating in one market spread to other markets, both domestically and in-
ternationally. Similarly, ref. [24] documented the contagion effect during the Asian financial
crisis of 1997, where shocks in the affected countries spilled over to other emerging markets.
Contagion effects have been observed to manifest in the context of natural disasters within
the oil market, underscoring the significance of incorporating non-economic factors into the
analysis of this sector [27]. In the context of the spillover of geopolitical events and natural
disasters on the oil market among Asian OPEC+ countries, market contagion theory is
highly relevant. It helps to explain how shocks in one country or region, such as conflicts,
political instability, or natural disasters, can propagate to other oil markets and impact
supply, demand, and prices. Understanding these spillover effects is crucial for assessing
the vulnerability and resilience of non-member countries of OPEC+ to external shocks.

2.2. Spillover Theory

Spillover theory, however, differs from contagion theory in that it is a broader concept
that encompasses the gradual transmission of both positive and negative effects between
assets, markets, or sectors within the financial market. Unlike spillover theory, market
contagion theory describes widespread adverse market conditions across different markets
or asset classes. Spillover theory therefore refers to the transmission and propagation
of shocks or disturbances from one economic entity to another, thereby influencing the
behavior and performance of the receiving entity [28]. Both concepts are relevant to
understanding the connectedness and interdependence of various economic agents and
markets, emphasizing the potential for one market or entity to impact others.

According to [29], spillovers can occur through various channels, such as trade link-
ages, financial connections, and informational flows. These channels enable the transmis-
sion of shocks and the diffusion of economic effects across markets and countries. Spillover
effects can be both direct, where shocks are transmitted immediately and directly, and
indirect, where the effects are transmitted through intermediate channels. Recent studies
show that spillovers can be transitory or permanent [30–32]. Transitory spillovers refer to
short-term or temporary effects that arise from the transmission of shocks. These effects are
typically observed in the immediate aftermath of the shock and tend to dissipate over time.
Transitory spillovers can be driven by factors such as investor sentiment, market reactions,
or temporary disruptions in specific sectors or regions. On the other hand, permanent
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spillovers represent long-lasting or persistent effects resulting from the transmission of
shocks. These effects can persist beyond the initial shock and have a more sustained impact
on the receiving entities or markets. Permanent spillovers may be driven by structural
changes, fundamental shifts in economic conditions, or persistent linkages between markets
or sectors.

Spillovers may also be unidirectional or bidirectional. Unidirectional spillovers occur
when the effects of a shock or disturbance in one market influence another market without
reciprocal feedback. On the other hand, bidirectional spillovers refer to the reciprocal
influence between two or more markets, where the shocks or disturbances in one market
can transmit to another market and vice versa. The literature recognizes the distinction
between positive and negative spillovers [33]. Positive spillovers refer to beneficial ef-
fects that arise from the transmission of positive shocks, such as increased investment
or technological advancements. On the other hand, negative spillovers entail adverse
consequences resulting from the transmission of negative shocks, such as financial crises or
economic downturns [34]. Furthermore, spillover theory acknowledges the role of both
domestic and international factors in shaping the transmission of shocks. Internal factors
refer to the composition and behavior of the national economy, whereas external factors en-
compass worldwide economic circumstances, geopolitical occurrences, and policy choices
undertaken by foreign nations.

2.3. Spillover of Geopolitical Events on Oil Stock Returns

Previous research has established that a variety of geopolitical risk events, such as
macroeconomic announcements [15,35,36], significant political occurrences [20,37], and
economic policy uncertainties [14,38], affect asset price returns. Geopolitical risk, as defined
by [39], refers to the “efforts of states and organizations to assert control and vie for
territory...the risks arising from wars, acts of terrorism, and tensions between states that
disrupt the usual and peaceful progression of international relations”. This study employs
a Geopolitical Risk Index (GRI) to investigate the effects of geopolitical events on asset
returns. In the context of the oil market, there is an indication of a negative impact on
asset prices and returns [20,37,39]. These studies also emphasize a concurrent increase in
price volatility [40] and a detrimental effect on market sentiment [41]. It is important to
note that the extent of these effects varies depending on the specific characteristics of the
event under investigation [42]. Collectively, these findings contribute to a comprehensive
understanding of the implications of events on various aspects of the market.

One of the most significant geopolitical events within this time range was the 9/11
terrorist attacks, which had a significant impact on oil prices. Ref. [43] found that the attacks
led to a persistent increase in oil prices due to increased geopolitical risk and higher oil
demand from military operations. Similarly, the Arab Spring, a series of anti-government
protests and uprisings across the Arab world in the early 2010s, was considered a relevant
event in the volatility of oil prices and returns according to [44]. This event was closely
followed by the Libyan war in 2011. Ref. [45] suggested that the Libyan war had a short-
term impact on oil supply and returns, with Brent prices rising by 20% in the short run.
This assertion aligns with [46], who found that the impact of political tensions is significant
in the short term. The most recent geopolitical event within the study’s time domain
is the Russia–Ukraine conflict. Ref. [47] performed an event analysis and found limited
correlation between the oil market and capital markets in both importing and exporting
countries. Ref. [48] assert that the event inflated international energy prices because the
two countries involved are major international oil producers and suppliers. The impact of
geopolitical events on oil returns is not symmetrical for both oil-importing and oil-exporting
countries. Negative events in exporting countries may present the opportunity for higher
returns in other exporting countries due to increased demand and price [49].

Economic policy uncertainty (EPU) in some BRICS countries shows a weak effect on
oil returns that gradually strengthens in the long term [14]. Ref. [14] found strong volatility
spillover effects in Brazil and Russia in the short and medium term. They examined these
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events from a multiscale perspective using a wavelet-based BEKK-GARCH model that
focused on the frequency of the original data. The findings of [50,51] suggest that economic
policy uncertainty is significant in determining oil price and return changes. Other literature
presents slightly different results in the analysis of economic policy uncertainty in different
time domains. Ref. [52] found a negative dependence between crude oil returns and EPU
during the financial crisis and Great Recession but observed a positive dependence in prior
periods. Ref. [53] observed an increase in spillover effects between oil prices and EPU
during the Great Recession of 2007–2009 using the spillover index.

In general, political instability resulting from civil wars, military conflicts, sanctions,
and regime changes increases oil prices, especially in Arabian and East European coun-
tries [54,55]. Ref. [56] recognized that geopolitical events may not be the primary de-
terminant of oil return volatility within this period and that other factors such as trade
disruptions and natural disasters may play contributory or even superior roles. Addition-
ally, it is worth noting that not all macroeconomic announcements are tied to geopolitical
risks. In reality, many of these announcements are shaped by various factors including
domestic policy choices, global economic patterns, and natural disasters. Most literature
on oil spillover focused on the magnitude and direction of spillover. In this study, the
transitory or permanence of spillover will be prioritized to contribute to the discussions in
the literature.

2.4. Spillover of Natural Disasters and Oil Stock Returns

Natural disasters play a significant role in impacting oil returns, as they can lead to
disruptions in oil supply, changes in oil demand, and increased volatility in oil prices. In
the context of infectious diseases, such as the COVID-19 pandemic, some research suggests
a strong impact on both equity and the oil market. Ref. [57] assessed time–frequency
volatility spillovers across global crude oil markets and major energy future markets
in China during the pandemic. The study found increased volatility spillovers across
different time intervals, indicating heightened transmission of volatility. Similarly, ref. [58]
demonstrated that COVID-19 significantly affected short-term stock returns, with economic
and health policies contributing to uncertainty and reduced economic activity, subsequently
impacting energy production and consumption. Natural disasters such as hurricanes can
disrupt oil production and transportation, leading to temporary increases in oil prices. The
impact of Hurricane Katrina in 2005 highlighted supply disruptions in the Gulf of Mexico,
resulting in temporary oil price increases [59,60]. Conversely, the Fukushima disaster in
Japan in 2011 led to reduced oil demand and lower prices due to decreased economic
activity [61]. Earthquakes and typhoons in Japan, Indonesia, and China have similarly
caused temporary oil price increases due to supply concerns and reconstruction needs [62].

However, research findings also indicate that the impact of natural disasters on oil
returns is nuanced. While natural disasters can cause short-term volatility in oil prices, their
long-term effects might be less significant, with other factors such as geopolitical tensions
and economic growth having a more prominent influence [63,64]. The relationship between
natural disasters and oil returns becomes particularly relevant in the context of climate
change. As climate change contributes to more frequent and severe natural disasters, the
implications for the oil market become substantial. Ref. [65] suggested that climate change
could lead to higher oil prices due to the increased occurrence of natural disasters, causing
supply disruptions and higher demand for emergency reserves. Additionally, the transition
towards renewable energy sources prompted by climate change could affect the demand
for fossil fuels, leading to both short-term price volatility and long-term stability in the
oil market [66]. In summary, natural disasters have a notable impact on oil returns, with
their effects often being temporary and contingent upon the nature of the disaster and its
influence on supply and demand factors. As the frequency and severity of natural disasters
increase due to climate change, the implications for the oil market become more complex,
potentially leading to both short-term volatility and long-term shifts in market dynamics.
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3. Research Design
3.1. The Sample

The sample includes monthly data on three key variables: Oil Stock Returns, Geopolit-
ical Risk Index (GRI), and Natural Disaster Index (NDI). The period of data collection is
from 1 January 2000 to 1 March 2023.

3.1.1. Dependent Variable: Oil Stock Returns (NOPEC)

The study aimed to analyze the returns of publicly traded oil companies operating
in non-member countries of the OPEC+ alliance. Since there was no existing return index
specifically designed for these non-member OPEC+ countries, this study created one.
The study focused on ten OPEC+ non-member countries: Azerbaijan, Bahrain, Brunei,
Kazakhstan, Malaysia, Mexico, Oman, Russia, Sudan, and South Sudan. To construct the
index, an extensive search was conducted using a Bloomberg terminal to gather monthly
returns data for the period from 2000 to 2023. Initially, 61 publicly listed oil companies
from the selected countries were identified. However, due to limited data availability for
some recently listed companies, nine were excluded from the stock portfolio. Subsequently,
54 companies met the criteria for inclusion in the index, and they came from four countries:
Kazakhstan, Oman, Malaysia, and Russia (Table 1). The weights for these companies
within the portfolio were assigned based on their market capitalization as of 29 May 2023.
The market capitalization values were converted into USD using exchange rates obtained
from Yahoo Finance on 28 May 2023. Since the data period for returns data varied across
the companies, multiple data ranges were used to calculate weighted returns for different
periods, ensuring the creation of a reliable index. The index created for this study is referred
to as the “NOPEC Index,” indicating its purpose as a return index specifically designed
for non-member OPEC+ countries (please see Appendix A). The data and other relevant
information for this index can be found in Appendix B.

Table 1. OPEC+ countries, membership status, and production ranking.

Countries Membership Status Oil Production
Ranking

Raking Reserves
(‘million barrels)

Algeria OPEC 11th 12,200
Angola OPEC 10th 2550
Azerbaijan OPEC Plus 15th 7000
Bahrain OPEC Plus 20th -
Brunei OPEC Plus 21st 1100
Congo OPEC 17th 1811
Equatorial Guinea OPEC 22nd 1100
Gabon OPEC 19th 2000
Iran OPEC 6th 208,600
Iraq OPEC 3rd 145,019
Kazakhstan OPEC Plus 8th 30,000
Kuwait OPEC 5th 101,500
Libya OPEC 12th 48,363
Malaysia OPEC Plus 16th 3600
Mexico OPEC Plus 7th 5558
Nigeria OPEC 9th 36,967
Oman OPEC Plus 13th 5373
Russia OPEC Plus 2nd 80,000
Saudi Arabia OPEC 1st 267,192
Sudan OPEC Plus

18th
5000

South Sudan OPEC Plus -
United Arab Emirates OPEC 4th 113,000
Venezuela OPEC 14th 303,221

Source: [67].
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3.1.2. Independent Variables
Geopolitical Risk Index (GRI)

The Geopolitical Risk Index serves as a crucial metric for quantifying the impact
of geopolitical events. This index offers a comprehensive and measurable assessment
of geopolitical risks. Specifically, the seminal study [39] is widely acknowledged for its
meticulous analysis and rigorous methodology in capturing and quantifying these risks.
Their index encompasses various indicators, such as political instability, conflicts, policy
uncertainty, and diplomatic tensions, thereby providing a holistic evaluation of geopolitical
risks. In addition to the overall Geopolitical Risk index, Caldara and Iacoviello also devel-
oped two sub-indexes called geopolitical threats and acts (GPRT and GPRA). The GPRT
sub-index comprised words associated with categories 1 to 5, which encompassed war,
peace, nuclear, and terrorism threats, as well as military buildups. On the other hand, the
GPRA sub-index included words related to categories 6 to 8, representing the beginning
of war, the escalation of war, and terrorism acts. Notably, the GRI facilitates standardized
measurements, enabling comparisons across different times and countries. For this study,
a recent iteration of the GRI from [39], which incorporated broader search criteria, was
used. The data were acquired from an accessible dedicated site (refer to the provided
site: https://www.matteoiacoviello.com/gpr.htm, accessed on 17 March 2023) and subse-
quently processed and organized to ensure consistency and compatibility with the research
objectives. This included identifying relevant periods and aligning the dataset with other
variables utilized in the study. Notably, the GRI facilitates standardized measurements,
enabling comparisons across different times and countries. This characteristic ensures
the data’s reliability and validity when evaluating the geopolitical event factor within the
context of spillover analysis in the oil market.

Natural Disaster Index (NDI)

The Natural Disaster Index employed in this study serves to assess the economic
ramifications of natural disasters, encompassing both the financial costs and the human
toll incurred. The primary data source utilized for constructing this index is the publicly
available EMDAT database (refer to https://www.emdat.be), which records occurrences of
natural disasters and provides information on mortality, morbidity, and financial losses.
Ref. [68] proposed an approach to creating the Natural Disaster Index which was adopted
in this study. The methodology employed by [68] is founded on the World Health Organi-
zation’s calculation of the DALYs (disability-adjusted life years) lost through injuries and
diseases (WHO 2013). Like the DALYs approach, the measurement framework utilizes life
years as the unit of analysis. However, whereas DALYs focus solely on the health-related
impacts of diseases, Noy’s measurement framework seeks to encompass the broader effects
of calamities on human well-being, considering infrastructure and capital destruction. For
the study, the index was adapted to a monthly format and recreated on the most recent
EMDAT database available up until 1 April 2023.

3.2. The Diebold–Yilmaz Model

This study’s goal is to investigate and quantify the transmission of volatility, including
its direction and intensity. We decided to use the approach first suggested by [29] to
achieve this. The Diebold–Yilmaz (DY-2012) model allows bilateral volatility spillovers,
in contrast to the Spillover Asymmetric Multiplicative Error (SAMEM) model introduced
by [69], which necessitates predetermined directions in volatility. Additionally, the DY-
2012 model enables us to assess the magnitude of spillovers by constructing an index for
volatility transmissions. This feature facilitates meaningful comparisons across different
variable sets and model configurations. Lastly, ref. [17] use a framework for generalized
Vector Autoregression that does not rely on the order of the variables. This construction
encompasses four categories of spillovers: directional, total, net, and net pairwise spillovers.
These categories depict the level of connectedness or relationship among variables. The

https://www.matteoiacoviello.com/gpr.htm
https://www.emdat.be
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setup of the spillover indexes involves the utilization of a covariance-stationary VAR(p).
According to this, we can express:

zt = Φzt−i + εt; εt ∼ (0, Σ) (1)

where function zt = (z1t, z2t, . . . , zNt) is a vector of return/volatility series of dimensions
N × 1, Φ represents an N × N matrix of parameters, εt is a vector of disturbances that are
dispersed independently and identically, and Σ is the variance matrix of the error vector ε.
The moving average form appears as follows:

zt = ∑∞
i=0 Aiεt−i (2)

where Ai is considered to be recursive. Ai = φ1 Ai−1 + φ1 Ai−2 + . . . + φ1 Ai−p. A0 presents
a matrix of N × N dimensions, for Ai = 0 for i < 0. The moving average’s coefficients in
Equation (2) provide the framework for comprehending the dynamic procedure needed
to calculate spillover indices. Prior to presenting the representations for the indices, it is
essential to consider the following factors:

1. In forecasting zi, own variance shares represent the fractions of H-step-ahead error
variances, which result from shocks to zt, for i = 1, 2, . . . , N.

2. The fractions of the H-step-ahead error variances in forecasting zi that derive from
shocks to zj are known as cross variance shares or spillovers, for i, j = 1, 2, . . . , N,
such that i 6= j.

The H-step-ahead forecast error variance decompositions, indicated by θ
g
ij, are stated

as follows using the generalized VAR framework of KPSS:

θ
g
ij(H) =

σ−1
jj ∑H−1

h=0

(
e′i Ah∑ ej)

2

∑H−1
h=0

(
e′i Ah∑ A′hei

) (3)

where σjj represents the standard deviation of ε for the jth equation and where the selection
vector is ei, with 1 as the ith element and 0 otherwise. The discrepancy arises from the fact
that the combined contributions of the variance of the forecast error do not amount to a total
of one, where is ∑N

j=1 θ
g
ij(H) 6= 1. Diebold and Yilmaz (2012) employed a normalization

technique whereby each item of the variance decomposition matrix was divided by the

total of its respective row. As shown by
∼
θ

g

ij(H), the normalized KPSS H-step-ahead forecast
error variance decompositions are written as follows:

∼
θ

g

ij(H) =
θ

g
ij(H)

∑N
j=1 θ

g
ij(H)

(4)

where ∑N
i,j=1

∼
θ

g

ij(H) = 1 and ∑N
i,j=1

∼
θ

g

ij(H) = N by construction. Taking these factors into
account, the total spillover index is represented as:

Sg(H) =
∑N

i,j=1

∼
θ

g

ij(H)

∑N
i,j=1

∼
θ

g

ij(H)
× 100 =

∑N
i,j=1

∼
θ

g

ij(H)

N
× 100 (5)

In summary, Equation (5) quantifies the extent of spillover contributions resulting
from shocks in variables from j to i, for i 6= j.

Table 2 presents related work and literature contributions of spillovers using the
Diebold and Yilmaz model. Other similar studies also employed a GARCH model.
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Table 2. Related work and literature contributions.

Authors Model Study Results

[3] Diebold and Yilmaz (2012,
2014)

This study examines the spillover effects of
return and volatility between agricultural
commodities and emerging stock markets
during periods of crisis, specifically focusing on
the COVID-19 pandemic and the
Russian–Ukrainian crisis.

The occurrence of spillovers was
significantly amplified during the
COVID-19 pandemic, while a more
modest increase was observed during
the Russian–Ukrainian conflict.

[29] Diebold and Yilmaz
spillover (2014)

Oil and commodities market and global factors
(financial crisis and economic policy
Uncertainty).

Transmission of oil and other
commodities in both directions. The
global financial crisis and economic
policy uncertainty have a causal effect
on market connectedness and return
volatility.

[8] Diebold and Yilmaz (2009,
2012) and rolling window
analyses

Global COVID-19 events and global foreign
exchange markets.

A substantial degree of connection
between COVID-19 pandemic and
currency return volatility.

[9] Diebold and Yilmaz (2014) Dynamic spillover among geopolitical risk,
climate risk, and energy market.

Frequency-dependent connectedness
among energy future prices,
geopolitical risks, and climate risks.

[70] GARCH-MIDAS Impact of geopolitical risk on the energy market. Geopolitical risk has significant
long-run effects on the volatilities of
the energy market.

[71] heteroscedasticity bias
correlation coefficient and
GARCH model

Natural disasters and financial crisis events on a
contagious effect on broad stock markets.

The Sichuan earthquake in China in
2008 and the consequences resulting
from secondary mortgages in the U.S.
had the biggest impact on financial
markets in the Asia-Pacific area.

3.3. Preliminary Analysis

The preliminary analysis involved descriptive statistics and unit root tests for
279 observations. As an initial step, we use data transformation to account for the dis-
parity in scale between returns and the other indexes, considering our focus on measuring
spillover effects on returns rather than prices. It is essential to acknowledge the inherent
differences in scale between these variables. Returns are expressed as percentage changes
between consecutive periods, while indexes are represented in absolute terms. Conse-
quently, the divergent scales can hinder direct comparisons. Moreover, the NDI and GRI
had high values. To address this challenge, we utilize the natural logarithm of the indexes.

Employing the natural logarithm facilitates a transformation of the absolute index
values into a scale that is more conducive to comparisons with returns. Specifically, the
natural logarithm of an index provides a metric of the continuous growth rate of the index,
rendering it more comparable to returns. This transformation enables a more accurate
measurement of the degree of connectedness between different returns and indexes. The
accompanying plots (Figures 1 and 2) depict the data before and after the logarithmic
transformation, illustrating the impact of this adjustment.

Key events in Figure 2:
Stock_Index: 2008–2009 (Great Recession), 2011 (Libyan war), 2020 (COVID-19).
NDI_ln: 2003 (Iran Bam Earthquake, China floods and Korea Maemi Typhoon), 2004

(Sumatra Earthquake, Indian Ocean Tsunami), 2005 (Hurricanes Katerina and Wilma),
2007(Windstorm and floods in Bangladesh and China, Japan Earthquake), 2008 (Cyclone
Nargis in Myanmar and Sichuan Earthquake in China), 2010 (Haiti Earthquake and Russian
Summer Heatwave), 2015 (Nepal Earthquake) (EMDAT Database).
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Figure 2. Plots of variables after transformation.

GRI_ln: 2001 (9/11 terrorist attacks, Iraq war, London Bombings), 2011 (Military inter-
vention in Libya), 2014/15 (Russia annexes Crimea), 2019/20 (US-North Korea tensions,
US-Iran tensions), 2022 (Russia-Ukraine conflict) [39].

We employ a unit root test for all the variables after log transformation, which further
confirmed the stationarity of the return index at a 1% significance level for all test types
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except for KPSS, which shows that the stationarity might be trend stationary and not strict
stationary. It was a similar case for natural disasters and geopolitical risk, even though
these two were stationary at 5% using only the intercept for DF-GLS.

Table 3 displays the descriptive statistics for the variables included in the study. Notably,
the average returns of oil stocks from the selected Asian OPEC+ member countries over
the study period were positive. The GRI and NDI variables exhibited positive skewness,
indicating a tendency towards higher values. The average values for the Geopolitical Risk
Index and the Natural Disaster Index are also provided. Moreover, the kurtosis values for
GRI and NOPEC exceed three, indicating a leptokurtic distribution. Similarly, the Jarque–Bera
statistics revealed evidence of non-normality in the variables under investigation.

Table 3. Summary statistics of variables.

GRI_ln NDI_ln NOPEC

Mean 4.7088 2.9846 0.0163
Median 4.6879 2.9418 0.0123
Maximum 5.6375 6.6245 0.3031
Minimum 4.1634 0.4498 −0.2811
Std. Dev. 0.2070 1.2424 0.0588
Skewness 0.8234 0.3977 −0.0939
Kurtosis 6.0324 2.7396 7.0820
Jarque–Bera 138.4236 8.1412 194.1146

4. Results and Discussion
4.1. Volatility Test of the Asian OPEC+ Stock Returns Index

Based on the findings presented in Table 4, it is evident that the stock return index
of Asian OPEC+ members exhibited considerable volatility throughout the study period.
Specifically, the sum of the lagged residuals (RESID (−1), i.e., (α1)) and the lagged condi-
tional variances (GARCH (−1), i.e., β1)) for the index can be approximated to one. Higher
values of α1 and β1 imply that past volatility strongly affects current volatility and that
volatility shocks decay more slowly over time, indicating a slower rate of convergence
to the long-run average volatility. The results in Table 5 suggest a persistent pattern of
fluctuations in the monthly returns of the index, which is further supported by the visual
representation provided in Figure 2, depicting the plot of the residuals (volatility series).
The spikes in volatility for the return index were easily noticeable in 2008–2009, 2012–2013,
and 2020.

Table 4. Stationarity test.

NOPEC GRI_ln NDI_ln

ADF −6.5670(1) *** −5.8193(1) *** −3.3047(1) ***
DF-GLS −12.2719(0) *** −2.1278(2) ** −2.1996(8) **
Philip and Peron −12.1034[6] *** −5.9757[1] *** −14.2059[1] ***
KPSS 0.2809[4] 0.7518[12] *** 0.7177[0] **

Notes: The figures within parentheses represent the lag length recommended by the Akaike Information Criterion
(AIC). The figures within brackets indicate the bandwidth selection method proposed by Newey and West (1994).
Source: Calculations performed by the authors. Significance at the 10%, 5% and 1% levels are denoted by, **,
***, respectively.

Table 5. GARCH (1, 1) model for NOPEC.

α1 β1 C Prob

NOPEC 0.547467 0.418139 0.000438 0.0001
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These periods mark the occurrence of major events such as the 2008–2009 global
financial crisis, the aftermath of the 2011 Libyan war, and the global COVID-19 pandemic.
It is worth noting that the volatility in the return index does not show significant or
obvious spikes in 2022 to reflect the 2022–2023 Russian–Ukrainian conflict. This observation
corroborates the assertions made by [45,48], who argue that the impacts of geopolitical
events can vary across oil-producing and oil-exporting nations. Furthermore, these periods
may present potential opportunities for positive spillover effects, as a decline in oil supply
could lead to price increases or production shortfalls that might be compensated for by
other oil-producing regions. In contrast, the volatility series of geopolitical events index
captures this event as being the second most significant after the 9/11 terrorist strike and
the Iraq invasion (Figure 3).
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4.2. Main Econometric Findings

In our study’s framework, the measure of volatility spillover is derived from the
decomposition of forecast error variance obtained through a Vector Autoregression (VAR)
model. Before estimating the VAR, it is crucial to determine the appropriate lag order. This
was accomplished by employing two criteria:

1. The Akaike Information Criterion (AIC), a statistical criterion used for model selec-
tion. The AIC compares various models and selects the one that provides the best balance
between goodness of fit and simplicity. The absence of autocorrelation or heteroscedastic-
ity in the residuals of the chosen VAR model indicates the fulfilment of assumptions for
accurate estimation. This was checked with the Portmanteau test, for the VAR (6) model.
The results of this test are presented in Table 6.

Table 6. Portmanteau test.

Lags Chi-Squared df p-Value

6 36.721 36 0.4353

2. To determine the optimal lag order, we tested different lag orders ranging from 1 to
10 and recorded the corresponding AIC values. The results are presented in Table 7, which
provides an easy-to-read summary of the AIC for each lag order.

Table 7. Optimal lag criteria.

Lag Order 1 2 3 4 5 6 7 8 9 10

AIC(n) −8.649 −8.821 −8.841 −8.874 −8.861 −8.930 −8.900 −8.874 −8.901 −8.921

Based on the Akaike Information Criterion (AIC), the optimal lag order for our analysis
is determined to be 6. Subsequently, we constructed a Vector Autoregression (VAR) system,
which forms the basis for calculating the measure of connectedness.
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4.3. Diebold–Yilmaz Connectedness

We use the conventional measure that [29] suggested to quantify connectedness. The
spillover table presented below represents the computation of connectedness without fre-
quency bands, following the standard approach of Diebold and Yilmaz. This computation
involves considering the non-diagonal elements of the variance decomposition matrix
while the diagonal values are not set to zero. Retaining the diagonal terms accounts for
the total variance of variables, which is not highly important to us because the focus of
our study is on the directional spillover of NDI and GPR variables to NOPEC. However,
both variants of tables are presented in Tables 6 and 7, with the last column and last row
defining the directions of spillover effects.

Table 8 presents the estimated contribution of variables j (column variables) to the
forecast-error variance of variable i (row variables). The off-diagonal column sums “TO”
and row sums “FROM” provide the total directional connectedness from i to all other
variables j and from j to all other variables i. The total connectedness is shown in the lower
right corner of the table.

Table 8. Measure of connectedness with the standard Diebold and Yilmaz approach 1 (not set to 0).

NOPEC NDI(ln) GPR(ln) FROM

NOPEC 97.58 0.79 1.63 0.81
NDI (ln) 3.80 94.06 2.14 1.98
GRI(ln) 0.67 4.41 94.91 1.70
TO 1.49 1.73 1.26 4.48

Table 9 also follows the standard approach of D-Y2012 for computing connectedness.
It specifically focuses on the non-diagonal elements of the variance decomposition matrix
while setting the diagonal values to zero. Notably, this computation does not incorporate
frequency bands in the analysis.

Table 9. Measure of connectedness with the standard Diebold and Yilmaz approach 2.

NOPEC NDI(ln) GPR(ln) FROM

NOPEC 98.02 0.69 1.29 0.66
NDI (ln) 3.60 94.37 2.03 1.88
GRI(ln) 0.82 3.88 95.30 1.57
TO 1.47 1.52 1.11 4.10

Based on the obtained results, the overall spillover is estimated to be approximately
4.5%, indicating a notable level of connectedness. However, the NOPEC variable cannot
affect the NDI or GPR variables, which results in their lowest values in the spillover table.
Therefore, we focus on the NOPEC column in the table instead.

4.4. Time-Varying Diebold–Yilmaz Connectedness

In the context of our study, our primary focus lies in understanding the dynamics of
this connectedness. Given that both natural disasters and geopolitical risks tend to fluctuate
at moderate levels but experience peaks during specific events, we hypothesized that the
spillover effects would be higher during such periods of heightened activity. To investigate
this hypothesis, we employ a time-varying volatility connectedness approach. To obtain
the computations required for this approach, we used the moving method approach. This
analysis helps to determine how much of the prediction error in the stock index variable can
be attributed to shocks from the NDI and GPR variables. The outcomes of this examination
are visually represented in the Figure 4 below.



Mathematics 2023, 11, 4005 16 of 23

Mathematics 2023, 11, x FOR PEER REVIEW 17 of 23 
 

 

 
Figure 4. Overall spillover and directional spillovers. 

The plot presented in the study reveals the presence of multiple peaks, each corre-
sponding to significant events that affected the connectedness of the variables being ana-
lyzed. Among these peaks, the one observed in 2020 stands out, and its occurrence can be 
attributed to the global COVID-19 pandemic. The pandemic had a profound impact on 
various aspects of the global economy, including the oil market and the connectedness of 
the variables under examination. 

The findings of this study align with the research conducted by [72], who investi-
gated the effects of the COVID-19 pandemic on the oil market. Ref. [72] assert that the 
pandemic resulted in a sharp decline in oil demand as lockdown measures were imple-
mented worldwide, and it also disrupted global supply chains. These factors led to signif-
icant long-run price falls in the oil market and increased volatility. The heightened vola-
tility in oil markets during the pandemic can be seen as a contributing factor to the peak 
observed in the plot, indicating a substantial impact on the connectedness of the variables. 

Moreover, the COVID-19 pandemic had far-reaching consequences beyond the oil 
market. It caused widespread disruptions across various sectors, leading to economic con-
tractions, financial market turbulence, and uncertainties. These macroeconomic condi-
tions can further amplify the spillover effects and connectedness among the variables un-
der investigation. Research by [73] highlights the systemic effects of the pandemic on 
global financial markets, emphasizing the transmission of shocks and the increased con-
nectedness during this period. Understanding the specific dynamics and consequences of 
such significant events is crucial for comprehending the dynamics of interconnected fi-
nancial markets and their susceptibility to external shocks. 

Table 10 below presents the spillover measures for the specific day of interest, 2020-
02-01. It is important to note that the spillover table employed in this analysis follows the 
standard Diebold and Yilmaz methodology without the incorporation of frequency bands. 

Table 10. Spillover table for the month of March 2020. 

Figure 4. Overall spillover and directional spillovers.

The plot presented in the study reveals the presence of multiple peaks, each cor-
responding to significant events that affected the connectedness of the variables being
analyzed. Among these peaks, the one observed in 2020 stands out, and its occurrence can
be attributed to the global COVID-19 pandemic. The pandemic had a profound impact on
various aspects of the global economy, including the oil market and the connectedness of
the variables under examination.

The findings of this study align with the research conducted by [72], who investigated
the effects of the COVID-19 pandemic on the oil market. Ref. [72] assert that the pandemic
resulted in a sharp decline in oil demand as lockdown measures were implemented world-
wide, and it also disrupted global supply chains. These factors led to significant long-run
price falls in the oil market and increased volatility. The heightened volatility in oil markets
during the pandemic can be seen as a contributing factor to the peak observed in the plot,
indicating a substantial impact on the connectedness of the variables.

Moreover, the COVID-19 pandemic had far-reaching consequences beyond the oil
market. It caused widespread disruptions across various sectors, leading to economic con-
tractions, financial market turbulence, and uncertainties. These macroeconomic conditions
can further amplify the spillover effects and connectedness among the variables under
investigation. Research by [73] highlights the systemic effects of the pandemic on global
financial markets, emphasizing the transmission of shocks and the increased connected-
ness during this period. Understanding the specific dynamics and consequences of such
significant events is crucial for comprehending the dynamics of interconnected financial
markets and their susceptibility to external shocks.

Table 10 below presents the spillover measures for the specific day of interest, 1 February
2020. It is important to note that the spillover table employed in this analysis follows the
standard Diebold and Yilmaz methodology without the incorporation of frequency bands.
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Table 10. Spillover table for the month of March 2020.

NOPEC NDI(ln) GPR(ln) FROM

NOPEC 90.61 2.56 6.83 3.13
NDI (ln) 20.47 72.07 7.46 9.31
GRI(ln) 10.02 9.60 80.38 6.54
TO 10.16 4.06 4.76 18.98

In Table 11, the spillover effects of natural disasters and geopolitical events on returns
in February 2022 were 20.47%, indicating significant connectedness as initially analyzed.
This peak is likely attributed to the ongoing conflict between Russia and Ukraine. This
geopolitical event also had a significant impact on the connectedness of the GRI and oil
stock returns. It is worth noting that the spillover table utilized in this analysis adheres to
the standard Diebold and Yilmaz methodology without the inclusion of frequency bands.

Table 11. Spillover table for the month of February 2022.

NOPEC NDI(ln) GPR(ln) FROM

NOPEC 79.90 11.41 8.69 6.70
NDI (ln) 16.35 78.15 5.50 7.28
GRI(ln) 6.78 13.52 79.70 6.77
TO 7.71 8.31 4.73 20.75

This finding aligns with prior research that has demonstrated the influence of geopo-
litical risks on financial markets [74,75]. In a similar vein, [76] revealed that the conflict
under scrutiny has had a substantial impact on global financial markets, manifesting as
heightened volatility and increased risk aversion across various asset classes. The authors
further identify several key factors that have contributed to the conflict’s impact on financial
markets, including Russia’s role as a prominent oil exporter and the potential for broader
geopolitical instability in the region.

However, while previous studies have primarily focused on examining the relation-
ship between stock returns of oil companies and geopolitical tensions, there is limited
research specifically investigating the implications of the Russia–Ukraine conflict from
this perspective. Overall, our study’s results align with previous findings, highlighting
the significant connectedness between stock returns in the oil market and geopolitical
shocks. An additional peak observed in 2023 can be attributed to a series of earthquakes
that occurred in Turkey during early February of that year. These seismic events had a
significant impact on the connectedness of the variables examined in the study. The result
is presented in Table 12 below. This finding is consistent with previous studies that have
demonstrated the influence of natural disasters on the financial market [43,58,63].

Table 12. Spillover table for the month of February 2023.

NOPEC NDI(ln) GPR(ln) FROM

NOPEC 82.09 6.70 11.21 5.97
NDI (ln) 8.40 85.19 6.41 4.94
GRI(ln) 13.15 8.53 78.32 7.23
TO 7.18 5.08 5.87 18.13

Figure 5 from our analysis depicts spillovers received from NDI and GRI variables,
proving that the spillover increase in 2020 was caused specifically by the COVID-19 pan-
demic via increasing the NDI and in 2022 by Russian special military operations via the
GPR index.
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ing distinct events of interest. These peaks, although less pronounced than the major ones,
signify other noteworthy occurrences that have influenced the connectedness dynamics
examined in the study.

5. Conclusions

The present study aimed to investigate the spillover effects of natural disasters and
geopolitical risks on the stock returns of public oil companies operating in Asian OPEC+
member countries. By utilizing a time-varying Diebold–Yilmaz connectedness model,
we were able to analyze the dynamic connectedness between these variables. An overall
spillover measure of about 4.5% demonstrates the findings of our study, which show that
both natural disasters and geopolitical risk factors exhibit a moderate level of connectedness
with stock returns. However, it is worth noting that during significant geopolitical shocks
and destructive natural disasters, the connectedness between these variables escalates to a
substantial level, reaching up to 20%. These results underscore the importance of consider-
ing political risks and monitoring natural-disaster-prone regions when making investment
decisions. They emphasize the need for investors and portfolio managers to assess the
potential impact of geopolitical events and natural disasters on the financial markets.

By shedding light on the impact of natural disasters and geopolitical risks on financial
markets, our study contributes to the existing literature in this field. The insights derived
from our research provide valuable information for investors, policymakers, and market
participants. These findings can aid in the development of strategies that account for the
potential risks associated with natural disasters and geopolitical events, ultimately assisting
informed decision making and risk management.
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Appendix A

Table A1. List of countries and their tickers included in NOPEC Index.

Countries Sticker Publicly-Listed Oil Companies

Kazakhstan (1) KZTO KZ Equity KAZTRANSOIL JSC

Malaysia (29) AMRB MK Equity ALAM MARITIM RESOURCES BHD

BARAKAH MK Equity BARAKAH OFFSHORE PETROLEUM

BOUS MK Equity BOUSTEAD HOLDINGS BHD

BAB MK Equity BUMI ARMADA BERHAD

CARIP MK Equity CARIMIN PETROLEUM BHD

COCO MK Equity COASTAL CONTRACTS BHD

DEHB MK Equity DAYANG ENTERPRISE HLDGS BHD

DLUM MK Equity DELEUM BERHAD

DLG MK Equity DIALOG GROUP BHD

GMB MK Equity GAS MALAYSIA BHD

HDL MK Equity HANDAL ENERGY BHD

HYR MK Equity HENGYUAN REFINING CO BHD

HHH MK Equity HIAP HUAT HOLDINGS BHD

HIBI MK Equity HIBISCUS PETROLEUM BHD

ICON MK Equity ICON OFFSHORE BHD

MMHE MK Equity MALAYSIA MARINE AND HEAVY EN

MARG MK Equity MARINE & GENERAL BHD

PETR MK Equity PERDANA PETROLEUM BHD

PENB MK Equity PETRA ENERGY BHD

PETRONM MK Equity PETRON MALAYSIA REFINING & M

PETD MK Equity PETRONAS DAGANGAN BHD

PTG MK Equity PETRONAS GAS BHD

REB MK Equity REACH ENERGY BHD

SAPE MK Equity SAPURA ENERGY BHD

STRA MK Equity STRAITS ENERGY RESOURCES BHD

T7G MK Equity T7 GLOBAL BHD

UZMA MK Equity UZMA BHD

VEB MK Equity VELESTO ENERGY BHD

WSC MK Equity WAH SEONG CORP BHD

Oman (8) OOMS OM Equity OMAN OIL MARKETING COMPANY

MHAS OM Equity AL MAHA PETROLEUM PRODUCTS M

SOMS OM Equity SHELL OMAN MARKETING

HECI OM Equity AL-HASSAN ENGINEERING CO

MGMC OM Equity MUSCAT GASES COMPANY SAOG

NGCI OM Equity NATIONAL GAS CO

RNSS OM Equity RENAISSANCE SERVICES SAOG

OXY OM Equity OCCIDENTAL PETROLEUM CORP



Mathematics 2023, 11, 4005 20 of 23

Table A1. Cont.

Countries Sticker Publicly-Listed Oil Companies

Russia (16) BANE RM Equity BASHNEFT PJSC

SIBN RM Equity GAZPROM NEFT PJSC

GAZP RM Equity GAZPROM PJSC

LKOH RM Equity LUKOIL PJSC

NVTK RM Equity NOVATEK PJSC

CHGZ RM Equity RN-WESTERN SIBERIA PJSC

ROSN RM Equity ROSNEFT OIL CO PJSC

RNFT RM Equity RUSSNEFT PJSC

KRKN RM Equity SARATOVSKIY NEFTEPERERABATYV

MFGS RM Equity SLAVNEFT-MEGIONNEFTEGAZ OJSC

JNOS RM Equity SLAVNEFT-YAROSLAVNEFTEORGSIN

SNGS RM Equity SURGUTNEFTEGAS PJSC

TATN RM Equity TATNEFT PJSC

TRNFP RM Equity TRANSNEFT PJSC

VJGZ RM Equity VARYEGANNEFTEGAZ PJSC

YAKG RM Equity YAKUTSK FUEL-ENERGY CO PJSC

Total 54 companies

Appendix B

Excel document of NOPEC Index: https://disk.yandex.com/i/kjyLSTX9PD3bJQ.
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